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AN INVESTIGATION IN THE NASA MSFC 14-INCH 
TRISONIC WIND TUNNEL TO DETERMINE THE PRESSURE 
DISTRIBUTION OVER THE COMPONENTS OF A 0.004 SCALE 
VERSION OF TSE ROCKWELL MCR 0074 BASELINE SHUTTLE 
ASCENT CONFIGURATION (1A32F) 

by 


Paul E. Ramsey, NASA/MSFC 
ABSTRACT 


An aerodynamic investigation was conducted in the MSFC 14x14-inch 
Trisonic Wind Tunnel to determine the pressure distribution over the 
components of a .004 scale version of the Rockwell Incernational MCR 0074 
baseline Shuttle ascent configuration. Data were obtained for Mach nunm- 
ters from 9.6 to 3.48, angles of attack from -10 to 10 degrees, and angles 
of sideslip from -10 co 10 degrees et zero angle of attack. Also, -4 and 
4 degrees sideslip were run for an angle of attack of -5 and 5 degrees. 
The baseline geometric parameters were Orbiter/ET incidence: of 0.5 degree, 
separation distance at aft tie point 0.14 inch, baseline S"®M location 
(6, = 90°, X, = 0), and ET ogive nose without retro rocket package. Con- 
troi deflecticns were excluded from investigation. Data are presented in 
terms of pressure coefficient, Cp, as a function of longitudinal distance, 
X/L, at constant circumferential position, %, and $ at constant X/L. Be- 
cause of the large volume of data obtained, only typical plots are in this 
report. Volume 1 contains plotted ET pressure data; Volume 2 contains 


plotted SRM pressure data; and Volume 3 contains the appendix--the com~ 


plete set of tabulated source data. 
iii 





eee 


TABLE OF CONTENTS 


ABSTRACT 

INDEX OF MODEL FIGURES 
INOEX OF DATA FIGURES 
NOMENCLATURE 

CONFIGURATTONS INVESTIGATED 
TFST FACILITY DESCRIPTION 
MODEL DESCRIPTION 


DATA REDUCTION 


REFERENCES 
TABLES 
I TEST CONDITIONS 
II DATA SET/RUN NUMBER COLLATION SUMMARY 


III | MODEL DIMENSIONAL DATA 
FIGURES 
MODEL 
DATA 
VOLUME 1--ET (pgs. 1-792) 
VOLUME 2--SRM (pgs. 793-1452) 


APPENDIX--VOLUME 3 


TABULATF.0 SOURCE DATA 





PAGE 


11 
13 
16 


18 


19 


20 


23 


35 


40 


40 


ee ee Se 


Be Ret Ne Sale acd oe 8 





fe 
ek 
aor 
—_ 
a 
- @& 
= Au 
a 
a 


FIGURE 


INDEX OF MODEL FIGURES 


TITLE 


MAJOR DIMENSIONS OF MODEL COMPONENTS 


ORBITER WING PRESSURE ORIFICE 
LOCATIONS AND NUMBERING SYSTEM 


SRM PRESSURE ORIFICE LOCATIONS 
EXTERNAL TANK PRESSURE ORIFICE LOCATIONS 


STING AND MODEL CONFIGURATIONS FOR 
SHUTTLE LAUNCH PRESSURE TEST 


PAGH 


35 


36 


37 


38 


39 


aed 


a2" mm 


Cp eee CALE Be emer Ran yg: : : 
eet LET EPISODES Comer Se egy at Se eae. aah eee ee 


VHd TV 


VIAd 
ZOL-ECS (a) L1/X 


HOVA 
VHA TV €0 Z/€S Z/ES 61 ANVIL 


TeS-€9Y (a) L1/X TYNUALXA NO NOILAGIZLSIAQ FuNsssdd TWICVa 


HOVN 
Vidd 


797-007 (¥) THd 


HOVA 
VHCIV GN €0 Z/ES Z/ES 6L 


66E-LEE (Vv) IHd YNVE, TWNUGLXA NO NOILNATALSIa aNsSssdd 


VHdTV 


Viad 
9t€-S8 (Vv) Tid 


HOVN 
VHA TV €0 Z/€S Z/ES 6L 


79-T (Vv) IHd YNVL TYNUALXA NO NOLLNAIMLSIG aWNssaud 
T aWNTOA 


S9Vd aTACaROS INTIAUVA TILIL 
SINAIDTAIAO9 SNOILIGNOD : 


CaLLO' id 





SauNDIA VIVA 40 XAQNT 








HOVW 
VLad 
SSTI-S€TTt (9) IHd 


HOWN 
VHA1V GN €0 Z/ES Z/ES 6L 
+E LI-IT80r (9) IHd YILSOOG WAS LAA NO NOILNGIVISIA AUNsSsaud 


VHd TV 


VIdd 
O80T-S98 (9) Id 


HOVN 
VHdIV €0 Z/€S Z/ES 6L 
¥98-€6L (9) IHd WaALSOOd WAS LATI NO NOLTLNGINISIA AUNSsyda 


a 


Cc AWITIOA 


HOVWN 
VLA 
TE6L-8¢L (a) L1/X 


HOVN 
VHd IV GN €0 Z/ES Z/ES 61 
L7L-E0L (a) L1/X YNVL TYNUGLXA NO NOLLNGINLSIG auNssdud TVIAGVa 
a9Vd qINGAHDS ONTAUVA TLLIL 
SINSIDIAS 909 © TLIGNOO 

da LLotd 








(panut3u0)) sayndId VLVd dO XA4QNI 


S1/X SNSIVA do (3; 
IHd sns2z3A gd (a) 
L1/X smsiaa dd (Vv) 


HOVN 
VLAG Zs 
(qd) S1/X |! 


HOVN 
VHd TV cn €C Z/ES Z/ES 6L 


OTvI-TSET (a) S1/X YALSOOU WUS LAAT NO NOILNAIULSIG FaNssadd TVIGVU 


VHd TV 


HOVW 
VLad €0 Z/ES Z/ES 6L 


OSE I-LECT (a) S1/X WALSOOG WUS LAIT NO NOILNGIULSIA TANssaad “IvIdva 


HOVN 
VHd IV €O Z/€S Z/ES 61 


YETT-ESTL (a) S1/X YALSOOR WUS LAI NO NOLLNGINLSIA TANSSAad 

I ETL 

dIVd aTAGHHOS ONTAUVA SILIL 
SINI TD TAIAIOO SNOI.LIGNOO 


a 
(papntouo0)) saundvid VIVd dO XdaNI 





SYMBOL 


Ab 


bref 


Cp 


Lo 


Rref 
Rs 
Re 


Pe 


Po 


PT 


RN/ 9: 


Sref 


X/e 


X/2 


PLOT 


SYMBOL 


BREF 


cP 
CONFIG 


ORBINC 


LREF 
LS 
LT 
MACH 


PSA 


PTA 


SREF 


x/C 


X/LS 


NOMENCLATURE 


DEPTNTTION 


base area, in’ 
lateral reference Length, in. 


theoretical chord length, in. 


pressure coefficient, P& — Pe 
configuration code q 


orbiter incidence angle relative to 
external tank, positive when tail down, 
deg. 


longitudinal reference length, in. 
length of SRM, in. 

length of external tank, in. 
freestream Mach number 


local pressure measured on the test 
model, psi 


freestream static pressure, psi 
freestream total pressure, psi 
dynamic pressure, psi 


Reynolds number per unit length; 
million/ft 


reference area, in2 


temperature, °F 

longitudinal displacement along centerline 
measured from body nose, in. 

longitudinal distance from theoretical 
wing leading edge ratioed to the 
theoretical chord 


longitudinal location measured fiom SRM 
nose ratioed to length of SRM 
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SYMBOL 


X/2%t 


20.6. 


ET 
SRM or SRB 


PLOT 


SYMBOL 


X/LT 


X-SRM 


YMRP 


DELTAZ 


ZMRP 


ALPHA 
BETA 
DIHDRL 
AILRON 
ELEVTR 


RUDDER 


PHI 


NOMENCLATURE (cont Jnued) 


DEFINITION 


longitudinal location measured from 
external tank nose ratioed to length 

of external tank 

longitudinal moment reference point, in 
longitudinal location of SRM on 
external tank, zero for baseline, in 


lateral displacement from centerline 
lateral moment reference point, in 


separation distance between external 
tank top and orbiter bottom, measured 
at the aft tie point, in 


vertical moment reference point, in 


angle of attack, deg. 

angle of sideslip, deg. 
dihedral angle, deg. 

aileron deflection angle, deg. 
elevator deflection angle, deg. 
rudder deflection angle, deg. 


spanwise location measured from orbiter 
body centerline ratived to half span 


circumferential location of pressure 
orifice, deg. 


circumferential location of SRM relative 
to top of external tank, deg. 


external tank 


these two terms are used interchangeably 
to mean solid rocket booster 








SUBSCRIPTS 


ref 


NOMUNCLATLRE Clone luded) 


DEFLNITION 


aileron 

hase 

center of gravity 
elevator 

local 

orbiter 

rudder 

solid rocket motor 
total conditions 
external tank 

wing 

pressure orifice number, 1, 2, etc. 
free stream conditions 


reference conditions 





CONFIGURATIONS INVESTICATED 


The launch configuration consiated of the double delta wing orbiter 
with one large external hvd.ogen-oxygen tank (FT) and two solid ocket 
boosters (SRM) mounted on the ET beneath the orbiter wing (see Figure 1). 
Configuration component nomenclature was as follows: 

O03 (B19 C5 D7 F4 M3 Wg7 E18 V5 R5) Rockwell MCR 0074 baseline orbiter. 

T9 324-inch diameter baseline exter- 

nal tank with ogive nose cone. 
$3/2 142-inch diam. solid rocket motor 
(one) with 18° nose cone. 
Us Aft orbiter and SRY at... 


structure. 


The combinations of components were defined relative to the component 
on which the data were obte'ned as follows: 


COMPONENTS DESCRIPTION 


Orbiter Data 


(03) /(T9)/(S3/2)/(83/2) Orbiter in presence of ET and two 
SRM's. 
(03) / (Tg) (Us) /(S3/2)/ (8372) Orbiter in presence of ET, two SRM‘'s 


and attach structure. 


External Tank Data 


(Tg) /(S372)/(8372)/(03) ET in presence of two SRM's and 
orbiter. 
(Tg) (U5) /(84/2)/ (8372) /(03) ET in presence of two SRM's, orbiter, 


and attach structure. 
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COMPONENTS DESCREPTION 


SRB Dat 


eee Ee a 


(S3/2)/(03)/(T9) / (83/2) SRM in presence of ET, one SRM, and 
orbiter. 
(84/2) /(03)/ (Tg) (Us) /(S372) SRM in presence of ET, one SRM, 


orbiter, and attach structure. 
Details of the individual components are given in Table III entitled 


Model Dimensional Data. 


1) 
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TEST FACILITY DESCRIPTION 


The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is 
an intermittent blowdown tunnel which operates by high pressure air flow- 
ing from storage to either vacuum or atmospheric conditions. A Mach 
number range from .2 to 5.85 is covered by utilizing two interchangeable 
test sections. The transonic section permits testing at Mach 0.20 
through 2.50, and the supersonic section permits testing at Mach 2.74 
through 5.85. Mach numbers between .2 and .9 are obtained by using a 
controllable diffuser. The range from .95 to 1.3 is achieved through 
the use of plenum suction and perforated walls. Mach numbers of 1.46, 
1.96, and «<.50 are produced by interchangeable sets of fixed contour 
nozzle blocks. Above Mach 2.50 a set of fixed contour nozzle blocks are 
tilted and translated automatically to produce any desired Mach number 
in .25 increments. 

Air is supplied to a 6000 cubic foot storage tank at approximately 
~40°F dew point and 500 psi. The compressor is a three-stage recipro- 
cating unit driven by a 1500 hp motor. 

The tunnel flow is established and controlled with a servo~actuated 
gate valve. The controlled air flows through the valve diffuser into 
the stilling chamber and heat exchanger where the air temperature can be 
controlled from ambient to approximately 180°F. The air then passes 


through the test section which contains the nozzle blocks and test 


region. 





Downstream of the test section is a hydraulically controlled pitch 
sector that provides a total angle of attack range of 20° (+10°). Sting 
offsets are available for obtaining various maximum angles of attack up 
to 25°. 

The diffuser section has movable floor and ceiling panels which are 
the primary means of controlling the subsonic Mach numbers and permit 
more efficient running supersonically. The sector assembly and super- 
sonic diffuser telescope into the subsonic diffuser to allow easy access 
to the model and test section. 

Tunnel flow is exhausted through an acoustically damped tower to 
atmosphere or into the vacuum field of 42,000 cubic feet. The vacuum 
tanks are evacuated by vacuum pumps driven by a total of 500 hp. 

Data are recorded by a solid-state digital data acquisition system. 
The digital data are transferred to punched cards during the run to be 


reduced later by a computer to proper coefficient form. 
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MODE! DESCRIPTION 


The model was 0.004 scale and was comprised of three basic geometric 
components: (1) the external fuel tank; (2) two solid rocket motors 
(SRM's); an! (3) the orbiter configuration. The orbiter and SRM‘'s were 
fastened to the external tank, which was sting supported. The orbiter 
and SRM's were fixed with respect to the ET in the axtal and radial loca- 
raons deyicted in Figure 1. Only the baseline configuration was tested; 
i.e., orbiter incidence was 0.5°, orbiter/ET separation at the aft point 


\ 


was 0.14 inch, SRB radial location was 90°, and SRM longitudinal position 


. aesh Saale Os see tpi a ~ geet i i a a ee 


was 1.732" aft of ET nose. No control surfaces were deflected during 

: this test. 

The orbiter consisted of a stainless steel body obtained from the 

Rockwell force model which was fitted with a pressure instrumented 
aluminum wing. This wing contained 40 pressure taps, 19 on the top 
surface of the left wing, 19 on the bottom surface of the right wing, 
and 2 on the left wing leading edge. The location of each orbiter pres- 
sure orifice and the numbering system are presented in Figure 2. The 
0.032-inch 0.D., annealed stainless steel pressure tubing was routed out 
the base of the model and along the exterior of the EFT sting. 

, The SRM's and ET were constructed of stainless steel and contained 
922 orifices (111 each) and 195 orifices, respectively. Stainless steel, 
annealed, 0.032-inch 0.D. pressure tubing was routed out the base of the 


SKM's on the outside of the ET sting while the ET tubing was routed out 
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an 


through the sting. Tubing of 0.050" 0.D. was brazed onto the 0.032-inch 


O0.D. tubing as close to the models as possible and routed down the sector, 


through the tunnel floor, and out the side of the tunnel. At this point, 
tygon tubing was used to connect the steel tubing to ten 48 port scani-~ 
valve heads. 

The pressure tap locations on each model component are shown in 
Figures 2-4. The launch vehicle SRM's and external tank were manu- 
factured at MSFC (Model #450 Assembly) per MSFC drawings 80M51305, 
80M51311, 80M51312, and 80M51313. The orbiter was manufactured at Lock- 
heed-Huntsville. The MCR 0074 baseline configuration was defined by 
Rockwell International drawings VL70-000089B, VL77-000012, 

VL72-000061B, and VL78-000018. 
Instrumentation: 

The model instrumentation consisted of strain gages located on the 
sting for measuring sting deflections and the transducers required for 
the 457 pressure measurements. 

The wing pressure taps were numbered chordwise on the top cf the 
left wing, starting at the front at the inboard chord location and moving 
toward the wing tip. The right wing was numbered similarily except on 
the bottom of the wing. This is shown in Figure 2. 

Since the ET is symmetrical, only the left side was instrumented 
with pressure taps. These were numbered axially from front to back at 


each circumferential location, beginning with A and proceeding through K. 
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The SRM's were numbered similarily except that half of the pressure 
instrumentation was located on the left SRM and the remainder on the 
right. This setup was required to obtain a distribution completely 
around the SRM because of the assymmetrical pressure distributions 
caused by the presence of the ET and the phvsical limitations of getting 
all the required tubing in one SRM. Hence, the orifice axial rows are 
numbered A through H on the left SRM and then picked up on the right SRM 
with I through P as if continued on the left SRM. 

Test Procedures: 

The ET was supported on an integral straight sting which was mounted 
in a 5-degree offset. This offset was rolled to + 90° to obtain polars at 
constant -5° or 5° angle of attack. To obtain the pitch polars of +10°, a 
short "dogleg" sting was used behind the 5° offset to provide zero sting off- 
set. This procedure allowed changing the sting offset easily without dis- 
connecting the model pressure tubing. The sting and model setup is shown 
in Figure 5. 

It should be noted that force data obtained during, MSFC TWT 570 
(Ref. 4) indicates a substantial ET sting effect on the SRM forces and 
moments. Because of this fact, the pressure data on the aft portion of 
the SRM's may contain sting interference effects and should, therefore, be 
used with caution. Additional force tests are planned to obtain connec- 
tion factors which can be used with the integrated pressure data to 


eliminate this problem. 


15 





“T RIT 7 


» 
E 











STI es rem. 


- 
ie le 
a 
hee ee -Peeret 
SA 
ee 


DATA REDUCTION 


The pressure data were reduced to nondimensional cocfficient torm 


using the following equation: 


where X indicates the pressure orifice number. 


Model reference dimensions were: 


FULL 
PARAMETER SCALE 
Sref» Reference area 2690 ft.2 
£.ef, Reference length 1328 in. 
(Orbiter body length) 
brag» Reference span 1328 in. 
Moment reference point 
(measured from ET nose and 
as a reference. Cor- 
responds to longitudinal 
position of Orbiter nose 
on ET G 
ORBITER 
Xupp (at orbiter nose) 635 in. 
YMRP +)" & Orb. 0 
Zypp (1.332 inches below 333 in. 


Orbiter g on ET q) 
ET 
Xyrp (2.549 inches aft of ET nose) 635 in. 
Yvrp (on ET ¢) 0 


Zupp (on ET ¢ ) 0 
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MODEL 
SCALE 


6.198 in.2 


§.313 in. 


5.313 in. 


2.549 in. 


1.332 in. 


2.549 in. 


we ok et 


a ee ee ee, 





PARAMETER 
SRM 


Xypp (0.8017 inch aft SRM 
nose) 


Yurp (0.972 inch to right of 
left SRM ¢ ) 


Zypp (on ET & SRM G) 


FULL 
SCALE 


635 in. 


243 in. 


MODEL 
SCALE 


2.549 in. 


0.972 in. 
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TABLE I 


TEST ¢ MSFC TWT 567 DATE Smay 24. 1973 
TEST CONDITIONS 


REYNOLDS NUMBER DYNAMIC PRE..JRE = STAGNATION TEMPERATURE 
MACH NUMBER (per foot) (pounds/sq. inch)  ,f (degrees Fahrenheit) 


l 
i 


a 
100 

T3.05 | 66 x 206/re. | 8S 100 

T4125 «| 7 x 206/re. =| 9S 100 

r agg9 x 106/F ee. 5.3 140 


3.48 5.3 x 10°/Ft. 140 


BALANCE UTILIZED: None ee ee eee ee er 
COEFFICIENT 
CAPACITY: ACCURACY: SC RAaEE: 
+ 0.025 @ 
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TABLF ITIL 


MODE!, DIMENSIONAL DATA 


yitt COMPONENT:  ODY - B10 Bod 


( 


GLNERAL DESCRIPTION: _pyselage, 2A Configuration, Lightweight Orbiter, 


70-0009 _"'B" 


i a a 


eee 


Scale Model_= 0.004 


VL70-000089 “B" 


DRAAING tiUMER:  yr70-000092, 93, 94 "A" 
DIMENSIONS : FUL, SCALE 
Length in. __1328.3 
Max. Width in. (@ X, = 1528.3) 265.0 
Max. Depth in. (@ X%> © 1480.52) 248.0 
Fineness Ratio §.012 
Area re? 
Max. Cross-Sectional 456.4 
Pilanform 
Wetted = 
Base 
24 


MODEL SCALF. 


§.313 

1.060 

0.992 
_$.012 


1.826 





TABLE III (Continued) 


MODEL COMPONENT:  S8O0DY - py _- C5 


GENERAL DESCRIPTION: 2A Configuration Pe}: Lines 
VL70-000092 
a 


Scale Model © 0.00% rm 


DRAWING NUMBER: _VL70-000092 


DINENSIONS : | FULL SCALE § MODEL SCALE 
Length STA Fwd Bulkhead) 391.0 1,564 
Max. Width (T. E. Bulkhead) 560.0 2.240 


Max. Depth (we z = 421.922 to % = 500) 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted - 


Base 


SS lad 


ee es ee 


: 
| 
! 
i 








TABLE LII (Continued) 


wUUEL COMPONENT : BODY - Manipulator Housing D-/ 


CLNERAL DESCRIPTION: _2A Configuration Per Rockwell Lines 


palace tadashi 
VL70-000092 
ee 


_Scale Model _= 0,004 


ORAWING NUMBER; VL#0-000093 


DIMENSIONS : FULL SCALE MODEL SCALE 
Length in. | 881.00 3.524 
Max. Depth in. 23.00 0.092 


Fineness Ratio 

Area 
Max. Cross-Sectional 
Planform -- 
Wetted - 


Base 


Fuselage BP = 0.00 
WP = 500.00 INFS 
X%.426.0 to 1307.0 INFS 
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TABLE III (continued) | : 


MODEL COMPONENT: BODY - 4 Body Flap 


GCNERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-000094A 


eee n ncaa ence eee ——e eS a =r re ype, 


EEE ence n cece cnc ne See ar ss Us i ee duaueetgrtes es cganie-snewsraesn 


Scale Model = 0.004 


DRAWING NUMBER: v170-N00094A 


DIMENSIONS : 


Length 

Max. Width 

Max. Depth 

Fineness Ratio 

Area re? 
Max. Cross-Sectional 
Planform 
Wetted 


Base Fe? 


FULL SCALE MODEL SCALE 


84.70 0.339 
265.00 = 1,060 
142.64 = __9.571 

8.65 = _0, 0006 
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TABLE III (Continued) 


MOSEL COMPONENT: © 8GDY - : 


( 


GENERAL DESCRIPTION: _2A Lightweight Configuration Per Rockwell Lines 


—VL20-0000944 








_Scale Model = 0.004 


DRAWING HUMBER: yL70-000094A 


DIMENSIONS : FULL SCALE 


Length | 346.0 


Max. Width x, = 1450.0 108.0 
Max. Depth X, # 1500.0 113.0 
Fineness Ratio 
Area 
Max. Cross-Secti>nal 
Planform 
Wetted - 
Base = 


¢ OF PMS POD 
WP = 463.9 INFS : WP 400 + 63.9 = 463.9 
BP = 80.0 INFS 


Length 1214.0 to 1560.0 = 346.0 INFS 


MODEL SCALE 


1.384 


—0.432 
0.452 
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TABLE III (Continued) 
YOUEL COMPONSITS_ wien? wey Lightweight Orbiter 


esrs 


CENZRAL OESCAEPTICN: Orbiter Configuration Per Lines 
Note: (Dihedra angie {8 Jetined 
at the 75.33% element 


ed at the over surrac é 
ine projected into a plane per 


DG. NO. _vE70 -000093 











‘o a | 


ses ead 





PIT Wh ae ann cacaccasrmns oe tes me nee teveeaeteettan ston aoe Pace eee neem oT hard ALTE I aTe Swit orto irene tianwba Were baat T Am Wlaee ote 


qe at 
C3zENS TCS: FULL-SCALE MODEL SCALE 
nee FE EE eee oceeE 
wwvared (ineO.) Ft rae 
Planform -_ 2690.00 0,043 _ 
Sean (Theo In. 936.68 3,747 
peeece ees 2.265 2.265 
Rate of faper 1.177 1.177 
Taper Ratio . - 2.200 _ 0.200 
Dihedral Angle, degrees 3.500 3.500 
Incidence Angle, degrees. 3.000 3.000 
Aerodynamic Twist, cegrees 43,000 +3.000 
Sweep Back Anjzles, desrees : 
Leading Ecce 45,000 43.000 
Trailing Edge a2l0.24 = 20.24 
= ae Element Line 35,209 _. 35.209 
ords: 
Root (Theo) 3.?.0.0. 689.24 
Tip, (Theo) B.?P. 137,85 0.551 
NAC 474, 8) : 
Fus. Sta. of .25 MAC os 136,89 8 
W.P, of 2d " 299.20 1.197 
B.L. of .25 HAC 7 + PE 
EXPOSED CATA 2 
Arca (ineo) Ft 1752.29 0.028 __. 
Spen, (Tneo) In. BP108 | 720,68 2.883 
Assect Ratio 2.058 2,058 
ieee Ratio | 2451 2451 
ords : 
Root BP1OS wm Sh2ehO 9 22.250 
Tip 1.00 b wo 3 2 BS. mee ww 02551. 
Mac? | 393.03 1.572 
rus. Sta. of .25 MAC 1185.3) 4,74) 
ib 4! 023 MAC _. an 300~ 201 —— 20). 
ol. OF 125 MAC oe CS 9 penn o- > Sa 
Airfoil Section (Rockwell i496 NASA) | 
XXXXo64 
Root b 0.425 ; pars) (| Eee lo 
la 1.00 : : met b2 212 


Oata for (1) of (2) Sides 
r? Leading Edce Cuff 








Planform hrea Ft? 120.33 
Leading Sage Intersects Fus M. L. @ Sta $60.0 2.240 
Leading Edge Intersects Wing Sta 1035.9 4.14 
28 
ORIGINAL PAGE 18 
OF POOR QUALITY 
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TABLE III (Continued) 











MOLEL COMPONENT: Elevon B-18 ; 
GENERAL DESCRIPTION: 2A Configuration Per W-87 
¢ ‘ 
Rockwell Lines Y1.70-000093 
tS ss a ene 
Scale Model _ = 0.004 
DRAWING NUMBER: -000 
DIMENSIONS: THEORETICAL ACTUAL MEASURED 
Area FI” 205.52 0,003 
Span (equivalent) in. 353,34 1.413 
Inb'd equivalent chord 114,78 9,459 
Outb'd equivalent chord 55 00 0,220 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 208 .208 

At Outb'd equiv. chord .400 .400 
Sweep Back Angles, degrees 

Leading Edge 0,00 0.00 

Tailing Edge 210,24 10.24 

Hingeline 0,00 9,00 
Area Moment 1548.02 0,000} 


(Normal to hinge line) rr 
Produce of Area Moment 
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TABLE IIL (Continued) 


MOODL COMPONENT s_ VERTICAL = ight We. Orbiter Configuration) 
GENERAL DESCRIPTION: _ centerline Vertical Tail, Double Wedge 0 





Scale Model = 0.004 


DRAWING MUMOERS ¥J,70-000095 
DIKENSIC:S : : _ FULL-SCALE 
TOTAL DATA 
Area (Theo) Fr* 413.25 
fy ee eee 
Span (Theo) In "315 22 | 
Aspect Ratio 1,675 
Rate o1 Taser 0,507 
Taper Ratio 404 
— re gs ag degrees 
eading tdce 45.000 
si dae ao 
° ement Line 0 
ae (Theo) xP 268,50 
ot eo) wW 
i (Theo) WP. 108.47 
Fus. Sta. of .25 MAC STKE 50 
BL. of 128 MAC - id 
. a e O% 6 é : 0 00 
ee ee on sod ee 
ading Wedge Angle 10,000 
Trailing Wedge kngle Ses 14.920 
Leading Edge Radius ~~. 2.00 
Void Area~?t2 13,12 
Blanketed Area~?t2 12.67 


MODEL SCALE 


007 


| 





1.263 
1,675 
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45.000 
26,249 
41.130 


1,074 
0.434 
0.799 

854 


ff 


00 
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10.000 
920 
0.0 
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7 "  PABLE III (Continued) 


MODEL COMPONENT: _ps-pudder 


GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-000095 


ce 


a a A a aa 


Sm) Mode) 


DRAWING NUMBER: vVL70-000095 





DIMENSIONS ; THEORETICAL ACTUAL MEASURED 
- FULL SCALE MODELSCALE MODEL SCALE 
Area FI | 10638 0 0017 
Span (equivalent) in. ___201,0 Ses ee __ 0.8064 
Inb'd equivalent chord _91,585_ _ 0,366 
Outb'd equivalent chord $0,833 0,203 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 0,400 0.400 
At Outb'd equiv. chord 0,400 0.400 
Sweep Back Angles, degrees 
Leading Edge 24,83 34,83 
® Tailing Edge 2.25 eee 26.25 
Hingeline 34,83 34,83 
Area Moment 526.13 0.00003 


(Norwal to hinge line) FT 


Produce to aera and mean chord 





TABLE III (Continued) 





MODEL COMPONENT: BODY - kxternal Tank T9 


GLNERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL78-000018 and 


y1.22-0000618 - Body of Reyolution, Without Retro Package 


re ca 


Scale Model _ = 004 


ORAING NUMBER; vL78-000018 





DIMENSIONS: WFULL SCALE = MODFL._ SCALE 
| Length, in. | 1989.00 0 56 
: Max. Width @ia), in. _ 324.00 1.265 
Max. Depth Ce ee aaa ee " 
Fineness Ratio L/D — 6.13889. 6.13859 
Area, re’ 

Max. Cross-Sectional ___ $72,585 _ ___.9.. 00" 
Planform ee ee eee Pee ee 
Wetted — - Fe ee Se 
: Base eee ————— 
, REF. 


4 FS (Orbiter) = 0.00 = TANK Station 751 NFS 
5 WP (ET) = 400 - 344.613 © 55.587 INFS 
BP (Orbiter) = 0.00 = 0.00 ET 





| TABLE III (Continued) 


MODEL COMPONENT: BODY - $3 Booster Solid Rocket Motor 


pan eg DS TT 


GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL77-000012 and 


Body of Revolution, Data for (1) of (2) Sides 


Scale Model = 004 


DRAWING NUMBER: vL72-9000012 
Nata for (1) of (2) Sides 


DIMENSIONS : FULL SCALE 9 MODEL C1! 
Length, in. (including sozzle) 1758.09 _ 932 
Max. Width(@ia) in. BSRM Tank __342,00 _ 0,563 
Max. Depth (ia) AFT Skirt __ 259,00 — 1.036 
Fineness Ratio fin 2 82. —£./87_. 
Area, Fe” 
Max. Cross-Sectional __ 365,87 _ _9,0089_ 
Planform sciaeacaartearss ——_- — 
Wetted . eer pee ee 
Base 
: REF. 


FS (Orbiter) = 0.00 = 751 in. ET = 202.0 BSRM 
WP (BSRM) = WP 400 (Orbiter) - 344.413 = $5.587 INFS 


BP (Orbiter) = 0.00 = 243.0 BSRM 





TABLE LIL (Continued) 


poet COMPONENT: BODY = Age Orbiter end SRB Attach Structure-U 


+ 


( 


camcRat, DESCRIPTION: 2A Configuration Per Rockwell Lines 


yL72-000061B_and VL768-000018 


nema 


i ee 


rings Gara Mt a 


ans As 


DIMENSIONS: 


orbiter Attach Station 
eT Attach Station _ 


SRB Attach Station 


Area 
Approx. Max. Frontal Area 
Planform 

Wetted 





o samme 


-FUI2, SCALE 
1307 in. 


2508 in. 
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MODEL SCALE: 





5.228 in. 


ae ek VEST. 
6.036 in. 
025 ine 


offen 
uoTSUsuTd 4 
apon jo s 

sjusuodmno) [ 


EIE Ss 


*T aan3tg 





35 





Ha 


atm = 


majsig JuTsaqunyx pue sUOTIEIOT FIFJFAQ Jinssaid SuymM 23379210 


‘OVI JO F9AF 9MIAVIT 
IML (Wl FaW 9A / SIISIAD 13L0N 





991 
—FSFIHL V5 OFALAS 
“das 1tN svg Fx7A WAFL 
C7s92 SNlaNc ONINVIT 
syaM 9E ONY Ge SacldtlaQ +aLon 


°Z ain3yg 


Ty [oles 7a 

{sel 

es a dd 

—T [foal fest feel [ve 

bor sz or [or] 55 | oF | $2] 57] 50 leafs SFE Mm 
Se: 





— —— - 
— ~” 


SUOFIEIOT 2275710 Vanssaid WUS “€ inst 


eK! E WLS BW LY sVALIAS 
WxS LHI WIS L777 


© © @ Po 


\// 


Oe <0 
: \ NS ‘ony, ay 


2d / ls ‘D037 LY SVIMDAIS 
MAS LAD MAG L437 


gn if @ yen 
are 


Oo 
G—@ 


Ree KN 
_y22+ Ok, ee CO 


VO EISO 











ve 


ve29 OES 295% 209e 2506 2E2 2557 GE 


iy iss "49 @) © 


ul wot cote c2te opez asrsior il 


i | tl 1 let 












i oof lest 





‘er ee. 


“ool WIS WPI 1/ bw 
1 'g22 =WLOL *SIOIAIIO 30 2080 
€ 


ef prouwoy cy § 207 SILONIT QC : 2 


37 





SUOTIBIOT VIFFFAO Vansseld ~~ yeuze3xy °y aan3tg 


Se = ee | 2 i: ( 20 wi 
37nSS72y JOON WLOL 


TWIAAL 
o (S) yA WLS 


Uy LY £51K7 SAUL ON 





‘JILYIOY FAY 


SIDA) BIIHM WLS UYeY ANY N@ \ 
mod & 


38 


QN0Y SILONIT (_) *3L0N LeS2 
WQIIEZT 
———— : voor?’ ¥vOzID 
———} ee a 
— tS 
3 J late | 
0007 diibo | 23220 | @O¥90 @kbo-sibe0| svz0||| | 
Sdae0 | .cevan| sdaco | 2ezs0 ssoco | ae |seCO | e020 ossio £sL00 O = % 
Lor | | | 
ocsa | ony | dtp 0 0 =X 


@ Oe2 


o€ as CbeS or eet OS%2 LOS a wa 
b S%'6? ro @ ri OO 
Oo ®@ | 





JSOL AINssasg YDUNeT |a{IINYS IOs SUOTJeANSTJUOD Topo, pue Buryg °C 2ANsr1y 


‘SWAS €: (ma goL) 
Oi F- 201 ,cal 277707 (sxv7ay YF V2F G06 GF7170R 
a9 TUM LASHO. F S4L :2LON Sf 77I7OW GY LISLIO , S) 


ee ee 
———_——— a ——<—— 








39 


\ al 
) ZO NUSWILIF \ SVs WWIDW a if 





HONHD LISLIO .S 
YOLIZIS ( MPN 30/5) 
SII DS TT OAS OFS. «C92 we 4 
| } SYNY HILld z= HOF GIST) 92,¥4s : 


IP OL LISSIO BDWLS OCAFZ 
SOL MLAS , 








—_ 


USM IL“Z GITQGOD GIfl 


et D hai e eee 


“ _ ti 
W 
i 
"i 
ii 
" 
ve 
4 
ti 
i 
Vy 
ia 
i: 
ie 
"i 
i 
te 
a 
1 
fh 
i 
i 
i 
i 
i 
fi 
i 
4: 
Hd 
yi 
Ni 
ti 
i 
‘j 
my 
i 
ij 
i 
i 
i: 
ti 
i 
ut 
"i 
is 
ti 
' 
' 
Vi 
Yi 
i 
4 
ij 
iP 
ii 
i 
1; 
hi 
a 
" 
ul 
ui 
12 
Vy 
ie 
hi 
4 
ij 
ti 
1 
“ 
i 
i 
ih 
1; 
"i 
ii 
i 
fe 
i: 
iF 
i: 
hi 
i: 
i; 
tt 
qi 
Hi 
u! 
ay 
i 
a 
HF 
; 
uu 
in 
apt 
ot 








a oe 


~~ 


SECE™ Sew CESS Y' 


BFBLIN OSS VSN OT SP WE CEEVa US 


APPENDIX 


TABULATED SOURCE DATA 


Tabudations of plotted data are available 
ou request from Pata Management Services. 
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